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ABSTRACT

o7
)

Cortarmination of celestial bodies with earth microorganisms
might make studies of any extraterrestrial life irpossivle. Ster-
ST {lization of Leat and/or radiation sensitive electronic components

- presents a special protlem, Using a flexible film germ-free iso-
D lator, internal contamiration was demon ‘rated in only 11 of 166

oo cxponents, including 9 of 101 cepacitors. Moreover, the level of
L S natural contarination is low and destruction of microorganisms is
: assessed in terms of prebatility. C‘herefore, develcpment of adequate
sterilization procedures is beirg »pproached by deliberate contan-
ination, during manulacture, with vaclerial spores of high resistance
Tre results obtained with sorse types of

LI

to heat and irradiatiorn.
resistors and diodes are presented.
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INTRODUCTION

As pointed out by Lederberg (L), the best approach to direct
studies of the possibility of exiraterrestrial life involves micro-
organi1srs, since they are (1) an carly stage in the evolutionary
process, (2) ubiquitous on our planet and protadbly any other planet
containing life, (3) essily cultivated, and (L) best adapted %o
auvtcmation and telemetiry in unmanned spuce vehicles, However, such
studies would de seriously harpered, or even made forever irpossi-
ble by inadvertent contamination with earth microorganisms deposited
as a result of hard landings of space probes (1, 3, L, 5, 7, 8)
(figure 1). It is believed by some that earth microorcanisrs might
well muliply on Mars (1, 2, 3). Such rult ‘lication would not only
interfers with determining the presence or absence of an indigenous
flora, but bty overgrowth might also jeopardize any possitle use of
extraterree’rial organisms for benefit of man (L).

Contamination of the nmoon with earth rmicroorganisms would also
Seopardize a most intriguing test of the panspermia hypothesis of
Arrhenius, whereby spores drifted through space and seedec suitable
planets, Having only a ‘race atmosphere, the moor. has been envisioned
as a trap for meiroroidal material (L), and {s supposedly covered by a
layer of cosmic dust (5). Although the surface temperature is esti-
mated 5 rangc from +1C0 C. during the day to -150 C. at nigh-, it has
Yean estiratec that a* a depth of less than é mcter, the temperature
range is O to -70 C. Admittedly the uitraviolet radiation intensity
on the surface of ‘he roon is capadle of killing all known microorgan-
isms in a few hours, but Sagan (5) believes ihat microorganisms just
beneath the surface, and thus protected from "ltraviolet radiation,
would survive cosmic radiation for a few hundred million years. Since
the 1likelihood ol a persistent indigeious flora is remote, the presence
of microorganisms in the "moondust™ would constitute evidence for the
pansperria hypothesis,

acause of exurerely low {rictional resistance of the present
trace alrospherc of the moon, it was recertly stated by Phillips and
iofthan (5) +hat a single hard landing of a rocket could scatter bac-
teria over the entir: surface of the satcllite, A3 pointed out by
Davice snd Comuntz .3 (1), this posaidilisy would be especially serious
L% a rar7al were aboard, since there would he on the order of 1012
microorganisns pr.sent per kg of intestine. As the roon's surface Lis
L x 1047 =<, the rmicroorganisms f.om one marmal might give rise %o a
s2rious deprce of contaminatlion, especially since the density of any
orgenisrs trappad from cosmic infall would be expected %o be small,
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Tt has been pointed cut (1, 7) that organisms right easily sur-

., vive a spuce journey. I[Ntraviolet radiation ir space, while adnittedly
lothal to any known nmicroorganism in a few hours, would only be effec-
tive against organisms on the outside surface of a spacec probe, Further-
morv, vacus acltually aid in preservation of microorganisrs, although
it must be adrmitted “hat no data are availadle on the effects of vacua
with residual pressures luw:r than 16~ mm of mercury. Finally, it has
been pointed out that entry into the atmosphere of Venus or Mars would
not. recessarily result in a probe being consumed by hear (1, L4). The
atnospt.ere of Mars is mostly nitrogen, with only a trace of oxygen,
while that of Venus is chiefly carbon dioxide,

In view of these considerations, there has been a great deal of
concern ove:r the question of contamination of celestial bodies with
tarrestrial =icroorganisms (1, 3,’4, 5. 7. 2). Conversely, the pos-
sibility of contamination of the ecarth with ricroorganisms from a
ceiestial body is no less worthy of sober considcration. It is theo-
retically possible that microorganisms brought back from the moon or
Mars night be capable of causing a new human, animal, or plant disease.

I+ would thus appear that rigorous reasurss are needed to insure
the absence of viatle microorganisms in a pace vehicle prior to its
launch. Davies and Comuntzis (1) have recommended sterile assembly,
bullt-in disinfection and terminal sterilization§ GSterile assenvl:
may be aseptic or antiscptic. Aseptic assembly dnvolves fabrication
of sterilized corponents into subsystemns, and sealing these sub-
systerns Lo prevent recontamination. An exarmple of antiseptic assembly
would be the application of liquid wipe-on sterilants, such as formal-
dehyde in methanol, to all mating surfacec not accessible to gasecu:s
disinfectant, e.g., nuts, bolts, screws, etc. Built-in sterilization
might te useful “n fabrication of ncrtain components: e.3., paraformal-
dehyde night be ircluded in plastic used tor potting electronic com-
ponente (7)., In any ~ase, terminal sterilization, particularly of +ihe
interior of any space vehicle, appears essential.

suggested methoss of terminal sterilization have included the use
of (1) heat, (2) radiation, and (3) chemicals. A priori, heat sterili-
zation appears ros% desirablc. However, as erphasized Ly Davies and
Comintzis (1), *he funciion of certain types ol spacecraft corponents
is Lrpaired by commonly erployed reg.mens using heat. With regard
to “erminal sterilization by radiation, fovm.dable praciical difficul-
ties are involved, as pointed out by Philiips and Hoffman (7). Further.
more, Davies and tomuntzis (1) found that certain types of corponetts
would not tolerate s‘erilization by radiation. {or terminal sterili-
<ation by chermical means, it appears that agents active {n the vaoor
phase are mnat feasitlc. Mf the guScous disinfrotants, ethylenc oxide
is gev:rally ~onstdered the agent of choice for space vehiclen (1. L.
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{verall spacccraf™ sterilization procedures nov e.ployed iiclude:

1. [Iaternal stcrilization of conyorenta,

2. ‘Asepcic fabrication of =ubsysters.

. Aseptic i1natallation of subsysters to gpacecraft.

o Terranal sterilization of surfaces cf spacecralt in o
sealed corpartmant,

5. Mainteranc: of sterilization.

£t

A special protlen i spacecratt sterilization coucerns the inter-
for of hernctically scaled olectronic corponents. Obviously gascous
disinfectants cannot be used, and irpainent of functiosn rmay occur
with =ethods iuv:clving heat (1) or radiation (1). A factor of prime
{irportance in this prnhlen, a3 in any steilizetion problem, is a
wnowledge of tne level of bacterial contarination., It is the pur-
po:e of s paper to present findings conccming the frequency of

\asural contanination, and an experirental agprecach Lo the develop-
cant of adequate sterilization procedures tor elecironic components.

D PERIMENTAL

Studics o determine the prese:nce and level of ratural contam-
ination ire generall: carricd out inside sorme sort :f inclosure Wiich
has been made virtually gas-tight, so that the interior of the
ioaclosure and the exterior of the corpome:ls can be sterilized -rith
a gaseous disinfectant. In our latorat tory a gern-{ree isolator tas
been used, as shown in figure 2. As seen in fipure 3, the tools used
to disassem»le the corponents are sterilizec inside the isolator
along with .he exterior ox the electronic devices ‘hersgelves., 7o
facilitate (< ection of any contarminating organisms which may be
present in iic interior of the corponents, it is essential to reduce
all nommetallic sovering materials 1> a relativel: finely dividecd
state and %o expose all internal surféces. Recently it was found
that one capacitor approxirately 2% irzhes in length by 1 inch in
diameter ~nntairned, when corpletely -unrolled, a surrace area of
about Y0 square fee*.. Of a to*al o' 166 Lormpanent.e examined i“ our
laboratory”, li were contaminated. < 101 capacitors cultured,
showed bacteria. Our findings on vapac*.tors confirm those of
illips and ‘offran (7). who repurted 13 of 42 con*a~inated.

“any corponents are expesed during manufacture ‘o ‘erperature-
Lime iuvn*vuls that would apprar, a priori, suflicient Jor sterili-
zation, lowever, ‘e-pera..re-ﬂ‘.e daca ‘or villing bacteria are
usually obtainet by cxposing driea spures on sarfac2s o7 suh ~atera
{als as ¢lass, polxﬂnvd mtal, and Iil%er paper. nere {s ry assure
anze ttal similar rrﬁosurrs wordd e adeqiate oy aegtmictlon of Lthe
sary: nicroarganisss in the infcorior of flocirandis corporen's

Ina gorlt gonoe, P Willing o bacteria 1o & proooss w'35r
resilt car b oassessot ondy in e of predaliitocl Oreaniss
wennrally dte Toparxte =icalls, Lor., the loraritt, of o ?‘:;mw
paviied acan st tue el e ostralt e L T oxarple s owocivey
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' heat=treatment may be said to result in 99.99 percent killing.
Therefore, intelligent assessment of steriliszation routines can be
sccomplished only with reference to definite levels of contamina-
tion. As indicated ahove, natural contamination of electronic
components is sporadic; hence quantitative levels of microorganisms
in the contaminated components would presumably vary widely.

In view of thes: conslderations, it is suggested that develop-
ment ot adequate sterilisation procedures for sealed electronic com-
ponents be accomplished by use of components which have been delib- 3
erately centaminated duving manufacture. Such an experimental
approach should include the following stages:

1. Selection of appropriate microorganisms with high resistance
to dry heat and/or radiatior.

2. Contamination, during manufacture, of the interior gf compon-
ents with standard high cell concentrations (1 x 195 to 1 x 105). :

3. Performance tests of assembled contaminated components. }

l. 2xposure of contaminated components to dry heat time-terper-
ature and/or radiation regimens ‘

5. Performance tests on heated and/ur irradiated contaminated
corponents,

‘ 6. Bacteriologic examination of undamaged components.

A joint in-house and contractual research prograrm along the lines

Just detailed is in progress. Currently, spores of Bacillus stearo-
wwuus FS1518, suspended in acetone, are being used. The selcc-

on o § spores was determined not only on the besis of resis:-
ance to dry heat and radiation, but also to their ability to survive
in a volatile liyuid vehicle which does not damage the material to be
contaminsted. Recent data, however, by Koesterer and Bruch (9), a=d
Davis et al. (10) seem to indicate that the sporec of Bacillus sublilis
var niger are more resistant to heat than FS1518 spores. The resistance
[39:F er spores to radiation and their survival in acetone is being
investigated. To date, four types of resistors (9 each) and two types
of diodes (1C each) have been examined. The results indicate that for
these types of corponents, normal manufacturing procedures are suffi-
clent for sterilization.

SUMMARY

The irportance of spacecraft sterilization has been discussed.
Hermetically secaled clcctronic components constitute a special probler.
Cultural techniques for such corponents have Scen described, and find-
ings presanted on the frequency of contamination. An experimenial
schere for developrment of adequate sterilizat.on procedures has been
outlined, bascd on de)iberate contamination diring 2ormponent manufac-
ture, With the types of resistors and diodes tested to date, ranufuc-
turlrg procedures appear sufficient for sterilization.
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Results of the Different Types of Electronic Components Examined.

TABLE I

Type of Component Nurmber Number
Examined Positive
Capacitors 10 9
Resistors LS 0
Diodes 5 0
Rectronic tubes S — 0
Relays 2 0
Transformers L 1
Magnetic modulator 1 1
Micropositioner 1 0
Potentiometers 2 0
Totals 166 u
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